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NIMH Strategic Plan 
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The 4 P’s: 

•Pathophysiology 

•Preemptive 

•Person-centered 

•Public health impact 



Multi-level Scientific Approach:  

Our Toolbox for Pathophysiology 

GWAS 

Sequencing 

Transgenics 

Knock-outs 

Epigenetics 

 

Databases 

 

Stem Cells 

RNAseq 

Proteomics 

Optical 

imaging 

 

Databases 

 

Electrode  

Arrays 

Zebrafish 

Imaging 

ChR-2 

 

Databases 

Sensors 

Eye gaze 

Cognitive 

Tools 

Epidemiology 

 

Databases 

 

 

Web 2.0 

Knowledge 

Management 

Crowd Sourcing 

 

 

Databases 

Molecules Cells Systems Individual Social 



Genetics: Transforming Technologies 

Sequencing Costs Drop Faster than Moore’s Law 
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Cost per Megabase of DNA Sequence 

Moore’s Law Cost per Mb 

28,500X 



Genetics – What Have We Learned? 

• Genetic ≠ Inherited (spontaneous mutations are common)  

• Genetic ≠ Causal (genes confer risk and resilience) 

• Genetics provides a mechanism for experience to 

influence brain and behavior (epigenomics!) 

• Genetics (genomics) is our most powerful tool for 

understanding individual variation (and that variation is 

huge!) 

• Genetics may reveal pathways involved in risk and 

resilience 



Genetics – What Have We Missed? 

Somatic Mutations Nature 2011 Cell, April 2012 



Genetics – What Have We Missed? 

Protective LOF Mutations as Drug Targets 

Mutant adult Hgb cannot bind O2 

Fetal Hgb spared 

Fetal Hgb reduced postnatally 

Will blockade of a repressor of 

fetal Hgb lead to an effective 

treatment for Sickle Cell Anemia?  



Epigenetics – A Possible Target? 
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March 2012 
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In Vivo Imaging of the Plasticity of Axonal Boutons on 

Mesoprefrontal Dopaminergic Innervations 

Mastwal & Wang 

Transformative Technologies: Imaging Cells 



Transformative Technologies – iPS cells 

Map2, TH, DAPI 

Dolmetsch lab, 2012 



Transformative Technologies – iPS cells 

Nature,  Jan 19, 2012 vol 481  

Disease in a 

dish for Rx 

screening 

Personalized 

cell Rx 



Cell Biology: dendrite dynamics in Timothy 

syndrome derived neurons 
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Source: Pasca and Dolmetsch  



Cell Biology: What Have We Missed 

Are mental disorders cell autonomous? 



Systems: Transforming Technology 

Optogenetics for Manipulating Circuits 

Liu et al., Nature 2012 Tye and Disseroth, Nat Neurosci Rev 2012 

Functional dissection of amygdala 

microcircuitry using optogenetic tools  

Optogenetic reactivation of hippocampal 

neurons after fear conditioning.  

Light-induced fear memory recall.  



Systems: Transforming Technology 

Wedeen V.J, Science, 2012 

Mapping the Connectome: From DTI to DSI 



Systems: What Have We Missed? 

Biomarkers: Individual data  
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Systems: What Have We Missed? 

“Embracing Complexity” 



Individual: Transforming Technologies 

Activity, Sleep, EDA, EKG, EEG, Stereotypies, Temp.   
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Skin 

conductance 

Skin 

temperature 
3-axis 

acceleration 

Non-invasive 24/7 inexpensive phenotyping 

MIT 

MEDIA 

LAB 

Roz Picard and colleagues 



Individual: What are we missing? 

 Research Domain Criteria 

      Schizophrenia       Depression Cognitive 
Dysfunction 

Attention 

Perception 

Working 
Memory 

Declarative 
Memory 

Language 
Behavior 

Cognitive Control 

Cognitive 
Systems 
Domain 
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Physiology  
 
 

 
 

Behavior 
 
 

Units of 
Analysis 

Insel et al, AJP, 2010 



       Individual : What are we missing? 

Number of vertebrates: > 50,000 

Number of mammals: 5,700 

Number of primates: 225  

Species developed by genetic engineering over 70 million years:  

Species representing >98% of neuroscience research: 

 Number of vertebrates: 5 

 Number of mammals: 4 

 Number of primates: 2  

Behavioral and Biological Diversity 
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2004         2005 2006         2007  2008         2009 

Google Flu Trends estimate            United States data 

United States: Influenza-like illness (ILI) data provided by the U.S. Centers for Disease Control 

From the Google Flu Trends web site: www.google.org/flutrends/ 

United States Flu Estimate 

Social: Transforming Technologies 

Crowd Sourcing 



Social: Transforming Technologies 

Crowd Sourcing 

22 



Social: Transforming Technologies 

Crowd sourcing science:  

RNA nanostructure as a Rubik’s Cube  
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Not Only What, But How? 

■Data Standardization 

■Data Integration 

■Data Sharing 

■Crowdsourcing 



Trends in Drug Development: 

Eroom’s Law 

Scannell et al, NRDD, 2012 



Advancing Translational Science: Experimental Medicine 
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Trials to confirm or exclude targets; drugs as tools for fast fail   



New Paradigm: Experimental Medicine 

• Focus on Phase 0 – Phase 2a 

• Move quickly into humans 

• Fail quickly and often 

• Target engagement 

• Share data 

• Precompetitive partnerships 



Advancing Translational Science: Repurposing 
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NCATS Pharmaceutical Collection – Tools for 

Repurposing  

• Informatics sources for NPC 
 US FDA: Orange Book, OTC, NDC, Green Book, Drugs at FDA 

o Britain NHS 

o EMEA 

o Health Canada 

o Japan NHI 

• Physical sources for NPC 
o Procurement from >70 suppliers worldwide 

o In-house purification of APIs from marketed forms 

o Synthesis 

 

Drug Source In house Procurement in process 

US FDA 1635 182 

UK/EU/Canada/Japan 756 177 

Investigational 928 3953 

Total Approved 2391 359 

Total 3319 4312 

Drug plate composition 



Psychiatry Neurology 

Neuroscience  Cog. science  

Genetics 
Clinical  

Neuroscience 
Dev. Biol. 

Transforming Training 



From Biological Psychiatry to Clinical Neuroscience 

What we do?  Frontiers of mental health research  

•Somatic mutations 

•iPS cell transformation 

•Individual imaging 

•Sensor technology 

•Crowd sourcing 

How we do it?  Changing the culture of mental health 
research 

•Data sharing 

•Experimental medicine 

•Repurposing 

•Transforming training 
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“We always overestimate the change that will occur 

 in the next two years and underestimate the change  

that will occur in the next ten.” 

      --Bill Gates Jr.   

Finally 


